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^UzmmzX $ <i>^l.15lW$rff ofc. 2 DMSaSS: 
^K>SUS4 3 0<0*Ra«SrfflV^. f^£7)03tCS^L 
^.:X>'N'7 :?JIStijV^T 10 0 0 A*7t{i2 0 0 0 A<^ 

^^TJi-^-^j^^miimL. 7 0-0-4 0 o-coKH 

T'««?aJESrS;tT 2 0 0 0 A/fc7)Z nOj^S-XZ-c-y 

atiosiiL, $(it:-eo±tc. imtim2(DWi 

UStfcV^Tl. 2*tm<^JiJ?<7)ZnO^Srf|*^lL 

Z n 0Mc7)^JSr;l' S -'!7Aji^®T0^7n$:Kv^T' 

mi±xmt^nx'hh, 

[003 1 ] 06-11 1 0(r)^m<'Zi5\,^X { a ) Ji^Jg 
r;PS-'>jUii«0MiI5rl OOOAt L/tt>co. (b) 
{i2 00 0Ai: tJtt^O, tti. ll6{i»^iaS^4 0 
ox;, I17{i350'C. EI8{i300*C, I19{i250 

•c. 01 oiii}\^-\trm}mMi:7 0'ct t^to 
Thh. @6~0i o*»f,BBA>*^*j:at=, mtmm 

SX'l. 2Mm<7)m^<7)ZnOmiB!&tXl. 
[0032] 01 Hz. S6~01 OlfZTTkLfz^McD 

(r>m.mzn-tm^^t:m. m 

6-01 0c7)SEM«c7)iji^^H^Hac7):^5S:ffl^LT 
T^UcilT'ibS. X^N'-y^- ZnOM*ffimH£!i(7)JefiS; 

-e«0±l:B!c:g U:^:S*f Z n 0O»aac0^:;l'7 * a 
^im-tt7S^iZ^j:Hi}^^i>izt<^j:h. 
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[0 0 3 3] Ell 2lC. S6~lil OlCS^UcRttli^ 

^^^Umtb^K ML, 01 2lc^L7^ct.cOti, 
l^mt hS:SL^$<7);^'<:J' b /I'A^'o .soon mT'C^ffl 
SrfMEU^tOTfci.. 80 0nmT<O<t<7)fHi{±. 8 
0 0 n m|tif^<7)S:StX'<:? h i: I. til§iO¥% 

[0 0 34] Bfl*>. 01 2<j:0. *®<^^;1'7^ ni^- 

zmf'ii. mi ii,z7pi,ti^m.<y)^i^^m(r>m^ 
muixa*). mamiztmm^z^^tx^^i 
ztphph. fit, y6<D^mMHi. mmmfim^^ 

tzld^j:^'^izhiz^^j:mt:mzt. iP^*l»18?fi<^ 

t^imx'hh. 

[00 3 5] 01 3tC. 06-01 OtC^UcKltl^ 

B$oa«iajS(c*^-r«.fi<#tt5:s^-r. AFM im^m 
mm) {Cct-5T06~0i ooRwao^fflSrfii'? 

<7)^j:^l1jfiiimmziiiLX h9^<-;^-f 

<i^gE^c;)I5|^WS(iliU AFMg# 
i><!£.m<^^t:nMt-thhiiX'l,i^j:\-^(7)X\ ^^=5:03 

eitc*rLT{i{iJStt*wts. iiisg0i 3t-<i. ±m 

T^PS -'fi^iKOKff** 10 0 0 AJiT't 2 0 0 0 AJ? 
OL^ii^jiA^DSr^^-r*^ SEM<itcJ:|,t, 4 00 

x:izt5»i,mn<omii. ^ist/I'S-'^'aiaji oo 
L . 2 0 0 0 km<r>m^umFBmm^iz 

I tLfzMzmm^j:xo-yt<% hix^£i)^'>tz(r>x-\t 
^j:\^1)^tWb1X. fc'^-bt 3 5 O'Cf.zmhim^^lt 



[0036] 014tc. 06—01 O^iZjpLfz^mffi 
^ffiffl$Ra«0. XJ^'/-^ZxiOim^^W&)SJS.HZ 

^Jgryl'i 2 0 0 0 AcOB#(C{ii5l31i3IMt 

JiJDU, lOOOA<^)i^t{±^4'*»^>T**05&>^TV^ 

i.t<5DtHBf$ns. :^ja7;i'5-':7Aji*noooA 
mi.zm>t-hTm^i^tmui. ^m.<rifmif± 

0 00AT't>$'itfflffi2rT(fl>fc (iiSI6<Itmv^ 

[0037] %mz. ±ie^ii^fflv->TP)-(7)tgfigo 

y . y)V'7-'^J^i31^<7)W&mt UTfflV»Tp i n 
3 00nm~l lOOnmtMDv ^tC7 0 0nmiy± 

-Brnmifz^mmx-m^ixx-mmm 

^immtti:'^x\^fz. mM^^^z'^^--th%cr>m.i 

§ LTIiffi S >^ V -y ^ S:^r < C t -Cfig/hi: S i: ** 
■C'^S, -eoS*. 07 (a) . 08 (a) . (b)(^ 
^mim^-^tz^\,Z<,i2 3. SmA/cm^ 07 
(b)3!l*23. lmA/cm2. ffi{i2 l~2 2mA/ 

cm2gJgi:SV^*<4t/t, 06 (b) tOV^T 

tK Q^llcS<Hi2 1. 8mA/cin2t^^-?TV^7t. 
[00 38] i<t^><oeirf<0^a, Jsc2:S:*ci:1"Sfc 

±^ < IX tiBsmsrffl^ . m(om^j:^m.mi^ 

^v^tift^t. ±RR<iifea8iW%«[S^RatcS-:Jv^ 
T^St-a i: LV^C: fc . 
[ 0 0 3 9 1 iSi, ±i2«ittfcv^T{i. %\,zW<^fzi. o 
tcx.'N'-y ^ (c J: l.^i^T;U5 -'^7 ASM^^c-eo^ffi 

;<.^^-rst. Rit**n='**'3. smtc*3v^Tfcift< 

=5:0, ^mb\^X\thtmt.\^<tt:\\ fiU, IK 
[0040] 
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mi,z. mm ■ A^mm ■ s£^^«^iEu/^i>iot'S) 

[0042] ^Rm. 2001 li^^\zyizmtPixi:i 3 'f 
jvm^mx-^^mm^zmiitlXKi. *^BT(i. CIO 
3'f;U5:«fi^^OaiLn-7-2 00 2t-fe-y hL, m 
m9m<^t:Mzm^XtLhtii^'^i:'^igMt±ifr:i- 
7-2 0 0 3t'##ajL-PO, »K^|i±tfo-5-2 
0 6 2{C|*]*»-5TJl8Ei$-frl.. IP*>S«2 0 0 ?« 
:^3:g?ain-7-2 0 0 5. *§«D- 7-2 0 0 62: igf 
mWlt2 0 0 9KAS, t|$ffll2 0 0 9l*ia5Tli. ^ 
n-7-2 0 1 32^1^2 0 14TfiaaiL$ix, fl;«f*^* 

fft.ni). mz7i(.ws2 0 3 oifzmhtiXTm^iii. 
7ms2 0 3 onxffMmtaui. $^^0-9-2 0 3 

lalX2 0 6 6i^J:o•C^Ti5^^l.. $^.(ciMI2^^2 
0 5 lT'?e^$a. 0 5 7^UXm^m 

iEo-7-2 0 5 9T-attl2:ffljE$tL. {K^^ffiftg 
<7):t«>-&iS^'){ti Uo-7-2 0 6 0*»^<^ft^r-&«£ 

^^§a^•r^ ««^^#±(fn-7-2 0 6 2tjii§± 

[004 3] 5S:b«|{fjD>-7-2 0 0 5Ji::gRS«i2 0 
0 1<^fi(«'5r^#5l:^]2r:^»UT. a«l*0tBUo-5 
- 2 0 0 2 'J y $ fL7t^H^c7)>' N'n' ^' 7 •/ 

KfilotOf . CKOi i: C J: 0 s fltRaS2 0 0 1 

(7)mkm&f}^^'o-y-^x'mmcr>mi>z^j:h x 0 i,zm 
ti-$iiTv^s. mz. m2cr>imxu. ^mizo-y 

D-7-*»'o#RfflS2 0 0 1 tl^\-tU-z 0 , ®W«2 0 
0 9^7f<a«2 0 3 Oc;)tilA0P-C:gRS«2 0 0 1** 

C 0 0 4 4 ] I^Sd— 5-2 0 0 6ti*RS«2 0 0 1 
«:^2 016{=jfiV^i:i^)fclftg$tt, iKg2 0 08 

cr)n.mm^zmm^tix\<^i. 

[004 5] m$fffi2009{i. mW?§2 0 16$:«^ 
-ri.i:Slc. :SR»S2 0 0 l<0^5r^4^), -ftitit 
L-C7y--H20 17^^SUT, C:<0T>'-F201 
7tC|&m^N-2 0 1 5^-ftLXWM2 0 0 8i}^(,]Emcr) 

m^Epjirr^.. ■i<^ci:{=j;o. m^f^S2 0l64'•c• 
^RS«i2ooli&t. 7y-K2 0 17^jEff*« 



I>CDT\ ^^Srffi^^^' h 2 0 1 0~2 01 2*»<?>^l^ 

^2E*<LT^s. t^, ii«K§2 0 1 emm-it:!^ 

IC, Ittfx 7-^X1=2 0 1 9A^f>xT-i&^ALT. 
ffi»f«2 0 0 9rt«Oxr-l!J:#a5L«2 0 1 8*»^>X7 

[0046] l*f«2 009 i,zn^(r>WSnmt:Wi^t 
?>i,zii. ^vmmm2 0 25imi. cio+tct-:?- 

2 0 24lriSgUTS*f?§2rtoaL, *»*>&?§^lr?S?a 
flRg;Kyr 2 0 2 3i)^ii>mjmmm^2 0 2 0 S-St 
•rm«f«2 0 0 9 . ^«fffi2 0 0 9f}^mtl 

tzn-mm^^. -^mmmzj^m^-tmmti. ^05^ 

^ IC. A';l.7'2 0 2 1 t 2 0 2 2 t t'mWiSW2 0 2 

5*»<5m«fffl2 0 0 9^ff)i!^w.^ika.imm-th:itifi 
x^h. m*>. m&t:mi^izii. ni\^f 2^2 

l^iO^fttL, -'N>y2 0 2 2$rJ:OfflS!i:-f2.. 
0 1 60ft»*{a(ic:(7)fitj^jt;^|2|^(7)|5jgg^^gii 

[0047] ««f#SS«2 025 t^ti, #S;Kyr2 0 
2 7 7 -f t *»^>^-S 7 ^ (^iiT 
iJ 0 , m%W!k2 0 2 5 +<0Sii=^?:li4-C# SfllJSi: 
^oTV^S. m^#««202 5i:mff«2 00 9i:c7) 

^^«2 0 2 51CC0;^7 -f;!^^' SrmSL-fwJ^T', -HJ- 

[0 048] 02(c^-t^a{c:s>-3-r«i, n.wmm2 

0 2 StCt^i^fttJ^^^' b 2 0 2 6*»1ga$n-CJ3 0. 

2 0 2 5JC{it-^'-2 0 24*5^i;$ilTV^TMi!g 
tts:'>X\-^hfz.^. :mmn^im\.<. ^iM. 
iM^mmzm^^i^fz OifeELTt L<=Sr 

[0049] m^mk2 0 2 9{i, JuS^tlJ'cfSfS^ 

Cnri^fc^gSil^tc^T. -B.^«2 0 0 90m«f 
?g2 0 16$r«Slt-rStS(c, m«fll2 0 0 9S-^i:L 

[0050] mffffl2 0 0 9-C'm«fl:*?t/i*X«S2 
OOlti. |gV^T*i!fe«2 0 3 0tCA-oT*a§*ll.. 

mm2Q 3 ort-e{i:SKS«2 o o i {^$3^0-7- 

2 0 3 1 1 2 0 6 6T'{4a^$n. «-*Sfeli2 0 3 
2 . |gZ*affi2 0 3 3, IIH*a<t 2 034 SrJiCa 
iS-rS. 'e-fL'?ntC*?«lili«2 0 4 7~2 04 9i:* 
^;}ry7*2 0 4 4-2 0 4 6*^E$ii, ZO<r)A';l' 
7'. iP^.>'N';l/7"2 0 3 8i:2 04 K S&i*^<12 0 39t 
2042, 2 04 0i:2 04 3tr*i!feffl2 0 3 0A,<?) 
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yiim&^^mt 0 , ftJ&«2 035-2037 S::n-LT 

ff)j<)ufizx iyicm&mm&amm oo9-c<r> 

mm^Mmm b mmx'h i . t tzmmm 2 o o 9 h 

, iii-t'tKOAimmms 2050 izm-t 

[005 11 31^, ll2tcS^ti3'5r3g<7)*iiti^;^T 
Afti, SSjl8jMco±8Jffl!l^?i<iftti. Ill^m-?KiJfe«2 
0 3 2*>^>, Ta[8i!l07f<ift«, HI*>mH*«t*i2 0 3 4 

l,Z!flif}''^xm^Ai(r)Pmi^<^j:r>X^^<, ZiHi. ^ 
RS«2 0 0 1 ■ipm^^tiro^Xifif^i:>*)izi5^< 

SrHWLTt^S. i<!0Ctliia2KS^UyiJ:pfc:> 

7i^zmE.7mmmm2 0 4 9izm]i,z^i^u <):t^H 
*fta:s«2 0 4 9X'Mixt'im^7ii^mzjmMmm2 

04 8t;ffiJ&t. $/5>t3^Z*ift1i^2 04 8t^fl. 
/>:ift??*Srm-7Nftfi^ 2 04 7 izmtktt Z b X\ 

mmR^iz«is^zmixm&x'^ h . 
[0052] Ti^mmr ir.i^Km. 2001 Ji*^ffl 

2 0 3 0<:0-gSlC^(t'?>iX3tXT— 7 2 0 6 5fcT 
iggUTfflB^M^2 0 5 Hcffijll^ii 

m^x-mmino. ^<^fzi^<7)m^ii, mMM^ 

2 05 5t'^Uv:g!yaS', 7-f;P:}'2 0 54S:jiLT 
rfSKOSrU. -e LTam3?A'^2 0 5 2*»<?>D?:#tliL 
TttJ^-rs. atll.S^fiSSfflSlHUR'ff 2 0 5 3 J: 0 
UllRLT. 9hfl&tX'S2 0 5 6t^hm%bm-^LXB. 
MM±^2 055 izmhilh . m.^^^2 0 5 1 T'<7) 
^Km^ 2 0 0 1 «0*gj*igM(SS1^n- 7- 2 0 6 6 1 
^a-y-2 0 5 7 bX'ifLmtHL^ti^. 
[0053] mfmjEo-y-2 0 5 9(i. ^Rmi2 
0 0 l<7)^:6TfiIO-f*i^«iELT*K^^±{fn— 7- 
2 0 6 2 tCi^l^atftlX'S) 0 . ^ES^O-fe y1^-^C J: -9 
T-fiXfiS'^teL. tHT<gIEn-5-2 0 5 92:^0^ 

0 5 9OMiJfitS4')-C/h§<. lmm$:Sx.^rV^J;3 
tcLTV^S. :SRaSi2 00 l5-##±ffSfcieUT 

-2 0 6 0*»'i)tt*StS. 

[00 54] Xh-yn-20 07tXh-yA--2 0 58 

{iiRimtciiv^T, ^RW^2 0 0 1 im&m)]<r>i)-^t-^ 
tzttm±^^hi:j<r>X'hh . zfi^zi.^. ^KW^2 
0 0 1 <7)3s^B#^ga<o> yT:^y;^Bt^c^mttSrI6J± 

^^hZbifiX^h. 02tS^LfcJiaSrfflv^«.ifclw 
[0055] ( 1 ) xvN'-y ^'^i:'«7)S2^Bi:M^: 0 . 



[0056] ( 2 ) xn-.yrJ'lcitiStT? 

nnmmt'^ 2 o % t ffiv^^i^fS) s . x . iia<^ 

[0057] ( 3 ) X^N-'y i^miOC V DaJ?>S^« 
[0058] ( 4 ) # ^>iX.5M*^*^ < (r>^^t&^B<m 

^j:blzA^X&&X'hi>. 

[0059] ( 5 ) Wtitmm^i-li^X' t iJBf IJ^ 

mm^mmzumx't . mmi>zRiwi-mt 

[0060] <Xiz. *^Bjtci)V^T^sr;p$-'>AJi 
^Sfl:r;i^5-'>ASiJi, c«iKSi*oL^cir-fbffilsso 

^mi7r:ixmm&, M'^^-^-yi^mmi. 03^^ 

mmbM^"}-^ yj^-x-mtixtzmRmt ±immb<^ 

m-^LtitffiX'hh. mzmmti. 

[006 1 ] mmi^(^^Rmm30 0 3{4;Kt>lc^ 
i}-^tlt:a-(}Vb L-cafii^OffiLo-7-3 0 0 2lc-fe 
■y h$iiS. ^fflfiftSc7)^^y>{C^#A*i*>ii:t-^^-^ 
«5^#±(fn-7-3 0 0 4-C%#ajt-o-o, tRRS^ 
3 0 0 3Sra«^#±(f D-7- 3 0 2 8l=[fi]*--?Tffi 
3li$-frl.. iP*>;RXa®3 0 0 3{i. ^OtlJUiJIWn- 

7-3 0 0 5T{aaajL$n^Sb, m*)tiiL^^yj<- 

3 00 1*»^>. ;i!rxy-h3 0 0 7, A 1 ;^^N'y ^-f-V 

y>'N'-3 0 0 9 . ^'x^r'- H 3 0 1 3 , mmryx-rf- 

^yj'^-SOlS. ;y;^y-h3 0 19. ZnOX>"?>y 
^^^yA-302 1. ^xy-}'3 0 25imd:B 
X , ^#±tf WN'- 3 0 2 7 •) . tfeffl^jEo- 
7-3 0 3 Ot'S«^#±(f 0-7-3 0 2 8^011:^ 

7-3 0 2 9i}'(^cD^mimr^A.x\ mim^±ifti 

-7-3 0 2 8^#±tf (bill. . 
[ 0 0 6 2 ] f-^ WN'-rat^^t <btl/c;<?X^-'- h , 3 
007, 3013, 3019, 3025{4, ^ffymSM 
j^c7)yN'xS:0 . 1 min—l Omm i:V^-5/o^liV^;^'J -y h 
i: LXB&^tlXa •) , -f-Cllca 1 0 0 s c c m<7)r;W 
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[00 6 3] ttz. ^'xy-Y<Ot}X\i. f^O-f^y 

>'N-t'oj!aaiaK*^'ffiv^j@^c. ^j^m^s o o 3<offi 

jMS*<J)l.^3$<tt>. ill*XS«3 0 0 3S:)^a] 

[0 064] a«^oaiL^+>'^<-3 001. aix 

>'N*y;5'^-vy>''^-3 0 0 9. iS^r^Xv^-v WC-3 
015. Z n 0;^>'N" y ^-f -v yj<'— 3021. WSL^^ 
±{f yA- 3 0 2 7 t,z\i . -J-ix-f fL?iilC^llSK<^ 

sf^jia*>m$*i.-cfc 0 . 0 0 6. 3010. 

3016. 3022. 3031t LXm%1fi'^hil. -f- 

J<-ff)m%imLXlAm^tih. Z.i\.ti<r)^^-y)^-(n 
mm.-h\t. ii-^^r < i: t> 1 / 1 0 0 ^WTTife 0 . 1 
X 1 O-' P a*<^^$ixS; i: t)J>S. 
[00 6 5] Z.ilhmL (S^tV^oTtm^) ^^31 

its. $*>fci/t<50.r>rSrtt;^i'&i5-(i-SCkfc* 

^■k^^-tht:)h^z. sus^A i^Xf^x^t't'jgfiS; 

y^-k^\->'X'^hflh, 

[00 66] A I XA'-y^-f- A-VA'-lAlWi. A 1 ^- 
y-y h 3 0 1 2*^ES$^^TV^S. A 1 ti. I^A 1 O 
flfi. Mg. Si. Fe. Mn. Ni. Co. Cr. Z 
n. P. Cu^i;^O^Jg^•^^*#^'C^^Tt^V^. Al 
tiaS. ^S8cO>N'>y^y^ru-h£0±lc. 185!t<£3li: 
»ggi$:am:«-5TESSil. dcO^'-y^yj^ri^- 

tD^iX. /N*>ydfy^^7'^~h^:^(=g*><TJtaS*»'b?l 

(cftofc*^, A r ;<?x5:jgtm tor r--i8tWin t o r r 
<7)E:^lc=5r|. J; ^ tc^A-fl.. BS5<0^$I4 1 0 Qil^^ 

[00 6 7] i?3g7'5Xv^^yyC-3 0 1 5l*lt{4. 
*y-F3 0 18*^'Kffi$ixt:v^|.. *y-H30 18 
J4. :^ST'ifeixJfav^*«. ^\izmmimi:.-thWL^ 



t«S£Ot£7)3&5J;Dff^U>'^. :*V-H3 0 18{4A1 
xn-y^XffiK 1 :J'-y-y Ml«l. ^S?<^>'<-y=Sry^^r 

Y\k-n\r^Wt-^f\.f:J^t-h<m:h<^^rs-vx:r 

^'Xi:WLmto r r-ScSmt o r r<7)E^J(C^:?. J: P 

r x?;^fc:jD . 0 . 0 1 1 0 0 %SiJ^oKS*'x 
ID*). K^5m*%J^T'>^<i:t)r7 
Xv*«^^lc^t. A-'7-3&«fiii'>T^h$V^^{C{4A 

yA'-3 0 1 ST'c^saaA-y-ii. f^jif siotc R 

*^|)<7)*«^V^*J. aSlkWOTiOA-y-i^fflV^A.ix 

I. . -IjX'. A-y-*i;«;#-m. fc . ;<? V- H 3 0 1 8 

[0068] ZnOXJ-<'y:^i-^ry-'^-3021Mz 
{±. ZnO^'-y-y h30 24*iEa§ilTV^S. ilS 
W'SrEBMycgPifntiiA 1 to^'-^r'.y hjgo tlRl^T'Sj 
5 . Z n 0(4iKli!|*T'm^fit**A I ffi^-f-/ h J: •) 
:^#v^fv:i^b. EpSD-ri)DCl;{2*^:»;#<'5rl.. fsfoT. 

lapttiA r isxim%.<^K-y)X'r'7X'7m^^mmh 

J: a t2 . iS®^:8B?|/i(ti§it-itJS*^'$) 5 . H 3 co^St' 
{±$«j4mmi:L7t. *7t. v^^:^^^o>'S^)m*»'Sai:$ 
iiSiaic. Arff:>]kDCEpaD«fii:K:^*>-ti:t:«5 
\,zlh-mM^-kmK-th. ji5S^^^^>boy#^mc^r 

[0069] DC-7^^^hDy:tr5e<!0x>'t.y^'f-SA^' 

-y h (m.^Wfh I.SJ^ffi< ^r< T{i=5r 

i.tiUi*-£t:,-f. 9-f-fy<r)^xY%\z^t£fi^h^)L 

•rs i t ^Igx-J) s . c: . ^5(4$) -> fd^Ofi^ 

3Xh^¥t<ffi^t'#l.. fflU. iSmS^^^'-y-y 

03Oj:d^::gRag?rn-fex<7)%g-{3«. iJcmiimc 
J: si^sPi&^iit -r I. C t I. . 

[007 0] ZnO<7);?.A-.y:?BE^{i:, fhi:Ar:^'XX' 
'irhiih. ^\,zi.-iX\.i^ifm^^ixh:.ti^hh 
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I. 

1007 l]m3izmtii>Xo^j:^^-^'yi^l^SSXm 

[0072] ( 1 ) mm^i. ^m-txx'hhfzw 

gE<7)7*D-fe;^A.cr)7jcl:±i: t !> ffii*'Xi7)^S*5<iii'-C'$> 
-5. 

[0073] ( 2 ) ^#^.nl.)i{i-s^c©^T'^) o . ^ 
•&!ii!t$jafc'isa^r<)Sis-t«.c:t*>*t:'#s. ia 

»^v^(iij.-ftco H-tf y^t rJ'-y y h ic^* 0 

[0074] ( 3 ) A 1 T(± 1 %m^k(D±m ( C u . M 
g. N i ) ^t^*. Wmi:m}satX\<^<b. 800n 
mt'ORIt$*'f±*^?.^t*<l.!lJ$il-CV^|,. fit, C 
<?)A 1 i0ir-j^ji7'iJ;UT>' • Y-ycr>WAX'COmi 
m^^m-rzkizi:-7XmhLX\>^i>t:ify. 800n 

[0 0 7 5] (4) ZnO'5ri:'B£li^{cJ:->-CStitffl 

*^<^S. Al=5:i; I I Ii^#*^':?-^r'-yh 
[0076] ai^X^N' ■/ iZj: i. Z n 0<7)^ tui^ 

a«O^^B^BTJ>l.. ttiOgti. 1 0 0 0 O^h^v^ 
<0*«-fi»<jT'*> 0 « IIS^BCtii cog J: O t , t 

[ 0 0 7 7 ] 0 1 ( a ) tC2|s:^BB<7)ig^l:SI8Ji#» 
-<?iJcoBrffi«5(;il$r*-r. 04', 1 0 0 IJS^JtSIS 
(JilT. r^lSj t t>V^9 ) . 1 0 0 2li^JST;l' 
1 OOBttcttlCffilftjLJtlT'fkSISS, 1 

oo4iicm<m^^t:mi\:Mi&mx'hi>, tfc. mi 
( b ) izii. ^^mmi\^mi:im<r)mmmm 
m:mi:^t. ioo5i,m'it7}\^i-^M.mT 

[0 0 7 8] mm^^mi>z}5\^x.mwLiooit 

flrfrWWi, SUS. A U Cu, Fe. Cr^r 



&ti. :gRa«t Lriiffinxv^i.. a«ioomffi 

m.imm^m!tm^m^ixx\>^xi>Bk<. s9f<o 

miziBtxmm^ii^. 

[0079] (^ar;l'5-'>Affl) 2|s:|&BHeD^iSJifc 

LT»2i^^Sr;l'S -"^i^iS 1 0 0 2 ^m&-titiif> 
Si, Cu, Mg, Zn, Ni. Cr^t'lr^WL, t 

^StcJis »raeoBifc|5l-Ti^<OAi^S?:fflv^Sfc 

t/v:XyN--y:?l$Wia«Kffie$r 1 0 OX:&.Tbt 

[ 0 0 8 0 ] i^A 1 {i8 0 0 nmig^-C3tO®JRSr^ 
iGe (r^;l'7TXSiGe) ^V^««MB^aSitt 

tiib. mti>^(^mmr>x^j'-M-^tim\'\ zz 

iZ. Si, Cu, Mg. Zn, Ni, Cr^ifCO^JS 

ss, t^^m^^)^ii%m'ikx'mit[i-ht. 

80 0nmRlt*S-K«T'#l)ii:***l.. ^-i^J©^, 
8 0 0nmm\-<7)mmt:TiflcOX\ m=FiZ-^h-^tfc 
m\iS.i:M^!mi!^h&. tm^li. maM.i}<0. 1% 
WT-CS)^i:, *€A 1 bm-'b^txmi^l^j:^\ 
[0081] tti. • ^'-y-y h<^ffl^l:i:o 

X. figM§ixSAlM<7)^;l'7*ai;-*<^-fl:t^. ^ 
{,z. S i 2:»Lfv:^-C-a, 1 0 0 0km.m^^B<n 

?m^^h. tixM. m-tm^^ix^<-^j:'ytzti»>x' 
hh. ^j^BflTfi, mmmts:mei\i^m(r)mx'^^^fi 
h-h-h. mz^\i-^£\^i3i. mmzzzx'^^^-kj^^ 

(00821 *^BB{=fcV^-C . ^«7;P5-'>AJg 1 0 

0 2cr)W§-\i. 5 0 0 AliLt 1 u m\:XTX\ ItfcTfe^W 
ts:^^t:W%'thtiMz\t 1 0 0 0 AULhT'S)* i: 
mt L < , lSMW=3r^tt2:il«-r5^«>C«i 5 0 0 
0 mTX'hi>Z b tmt $ h^z%<r)mm:U. 
l^thtzMz. 2 50 0AmTff'&^5*^J:'5»tL 

[0083] ^%mzii\^X\i. ±B,7)V^ -'^J^m 1 

0 0 2(ommmy'yX'7'^x'mitixmt7)us.~ 
^M,mmi:m^Lxii<zbimtL\'\ z<mit7J\^ 

^m^Mmy'yx-?<^X'ryx-7i,zmLx%htii,i,<r> 
x\ m^bxm^^mmi^^. zcomitrji'i-'yj^mm 
ioo3(i, m^rn^xx'AiiOs^ta^tinbtx 

*)mii^'PX'Tj]^i--^j^mmizm&^timit7ii'i~ 
'>A^t*>^^, mmryx-^tpx'. j&^^^mzmt 
tzmizB^^timitTJi'i-^j^m^. $^>tKS 
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[0084] L*> L^:*5^> . A 1 '^<m%mx-if±% < 

1 0 0 8 5 ] BP*., mmm.xi:iz^ < Lxmit7>\^s.~ 

[0086] ( c fUilZieifi] U^cK^bffiiSl ) *%B|tcfe 

v^T, mmm\tcm!:m«rthmmm\^ o 3 

[0087] cmzms^-thWUM^^ 1 0 0 3tt. X 
A-7:7Tje«$iX§tiO-C-. XRD (X^mjf^M) \Z 
<J:0?&i:'<!0IlIt»f*^'ZnOO<00 0 2> tf-^'T'ftS:: 
fci^f., -5-OPS**T'#l.. FIB (Focused 

Ion Bombardme nt) tCj;l)ffl^T'(i, i5 

C: t , '?-OSc7)g{i(5(3' 1 0 0 0 kW^Xh h . 

ic,<xs . c: % < t ^ 7t t £7)T-^ 

•) . Z. OK-fbSIStOfilJf*-' 5 0 0 0 ASiKT'ti. A F M 

( wmmm. ) x-a 1 0 • j: ow^^ v^is^ 

[0088] ctttcEfai-rSK-ftSISig 1 0 0 3c7)M/S 

(i 5 0 0 A~ 1 At m-c\ f^<om«facfec^Tsai-r«. 

taht-^h. 1 50 0AI.Xhi:-fS::i:*<*F^Lv\ t 

m-\m\^-nif^ <,ffiu<{i25oo aott-j> 

[0089] (cli£7)<i^,^7t:S!•f(:SISl) cia<^iiav^;^^ 
K-(biESSS 1 0 0 4(i, ©*lc<iF«iKSISO}8S*«0 . 
1 mo 1 / 1 J: 0?8v^%&0®Pf-cm$ix*t<OT', 



XRDtJ:0ZnO(^ <0 00 2> h-^'*»T^^*-9-y7* 
]V ( JCPDS;>5f-Hc7)T-:J') tCit^T/h^V^Cl 
-5-cOl5l^Ai-C-#2.. tfz. 05t^SEM«lC*tJ: 

{420* $:t9>atC^i;is 40' ^Z-^hZthhh, ctSS 

o^av^y::S?^barD^^ i o otAommt soooAibst 

[0090] cWOiiV^/cS-ftSISfflfi, WiJfT?t=5r 

tliKErSltl.K'ffcS^Sitcj^Be^tL* i: , c fiici2(6]t 
SK^IlSISAn 000Ai:^<, ^Jt, c Woffiv^Tti! 
'fl:ffi|'a>'2/imi:ii<tt, 18 0* Slli&SfOfttfT 
i>lilJSIIiB^|■C'(3t^i:'ti^$i^^:v^. ^^ofc:. c«iO 

fLl.*^'. 3 00kg/cm2tf0f?7t<jeE?rWTt-?-O« 

[0091] wemmim<n±wM-^ mmL^m. 

x\^h^. ±wsmm'mmi\z>v^ <^x<h^^ 

t . mm.i^m^x'^ . ±mm^(:>mtx'^?> t , 
[0092] ^mm^t. m^-^ixi^mm<r)m>x\ 

?tcoiSJR$<tTV^SS«SrSrrtcO-C, ::Wil0 0% 

\,z)6^^-}jt'^^\\ tt:. mK^mii. ^mi.z^£^^i, 

<7itfi±mmm(DmMbLximtix^^6. mL.±m 
mmtmmwMbcr>mmmt^j:'^x^^ifziifi. Mix 
^^hMi=i'mzximit:mi-i. zzT^m-h± 

Rftf^t., tfzmcom^Lmmi^. 80 0nm$:«i: 

^<7)mkX'<r)Wzbmy\--co^i^i:ij-oX'rh. bp 

*>, ^Rlt^Ji. T^3&**SI!I0 1 0 0%i:^:l>c:i:{i: 
:5:v\ tfz. zmii. M.fz&immb^j:-oXm^ 

mm) ifimibxM\>^^<n>xhi>, -:rc, 6o%ja±<o 

t<7){i^S:^r»tt$r*t, Al^-MV^SKO, 7 0%^ 

[0093] *^BBtc*3V^-C, LT8 0 

Onm$-fflV%|,i7){4, Cl^lTA 1 iimUi^h. K«tfO 

tm\.zmk^fihm^titf^hx'hhh. 
[0094] *%BfloRMS<os^ffl^ jg^-rs c W<0 
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[ 0 0 9 5 ] 0 ixmm^it^-tfcmikirno t . 

0. 4-1. 2;umc7)e@S:5tOB#tC, Iff* LV>^S*^ 

SXi. 2 0mA/cm2§J^t'S>o?t<35CWL. 0. 

1. 2/iIn^cm■rSC:^:3&«fftU^. 

[0096] ■^%mcomiM(^M^mi^^-ti c ttco 
'omits^m^-r&zttfiw^tx^'^t. -e^T. x 

A-.yrJ'T'jefiSL^HfrO. 2%<7)PS-C'IS<x-y^y/ 
L^cit'fkSIS±tJ^fi!;-r^t, 0. Sumconm^ 

cmizmttimi^i^mm^m^i-hztt^Tt 

6. ^otxim^'nib. -miz. cmtm^. af 

[00 98] AFMizxtmmmis' jjuit-rs 

k. mi!bxm^j:iRMn^tiimmiii*K xj-^-vm 
x'^tit:mLti>^t\tm>xmmxhh. --n. m 

'-9 5'cti. mw.m.iio. imo 1/1 t-rsta 

^:Ow»R{c*it^*l*l<^ffitii:<l-?^«S*iS. Hi:* 

^(o-tjum^tx^^mmm^t. mMmM<^i 
[0099] *^B3o^Ji<oiiS5sa:{i, 1 0 0 

1, :&J1T;US-'>A110 0 2. c|fi(cE|Slfl.i?fl: 

sssa 10 0 3, c siiOfflv%JtiE^bffiiss 1004. 

fciti, SMtT;l'5 --I^AS 10 0 5 h-^tj) 



x^ff)ivi}'i>mm^m^^^mibtitz^. mm 

«lcm2^fc0 2 0QOTT^-5Jt. Z<7)mX*)±^ 
[01001 

[HJfeM] [HJfe^lll] 1^3 5 0mm. il^O. 15m 
m«O^H2D5!Saf^<0. *;^SUS4 3 OS«lrffl 
V\ 02fc03fc:S^SitSSia2:fflv^T. Itfla5^)lf+ 

[0101] m3<7)xj^-y:?mw.>>zxi^^m±. ^ 

RmU<7)MvmS.i SOOmm/'sec, Al XJ-^y if 
m)Ji3. 2kW. A 1 J^v'N-.y^^iOAr;«yxSElS:5 
0 s c c m. A 1 XJ'<'y ^-^OS^iSJtS- 7 O^C. 

y°yX'?mm^(r>n.^ io. i k gE^r^xvjaa 

cOK^;^f;^.a*S: 1 0 s c c m, WtSSVy X'7^ffym 
«iaSSr6 0'C, ZnOX''N" y:5'?^jS:3. 2kW. Z 
nOxn.y^'^cOAr;{fX5aiS:50sccm, ZnO 
;^y^".y ^'BtOat^SK^ 3 5 0°C. b£0;!7;<85 
fi^W-mtArfSOsccmfctTt. A 1 <?)SUI{i 
100 OA, ZnO(:OMW{±2 0 0 0A(;^^t7t. 

[0102] m2<r)mmmizii hm^^ii. ^rx 

m^OiSiMSS- 5 0 0 mm/s e c , iPfJgiRK^O . 

2mo 1 / 1 . m*fj§?ass-8 5-c, mvin.^^&i 

1. 2mA/cm2i:t^. ZixizX*) , itm^l ■ 0 
jum<0^^fa*^^>^l. cfiiiOMV>7tBS^bS«81*»' 1 . 1 
^mm^^fltl. 80 0nm{Cfc»t*^Rftf*{46 7% 

T'fc 0 . ScaRlt${i 5 5 %fc , g«T1±T^fe*^{J-^ 
nx^x.hrznx\ MiM^j:W^mX'h-ofz. AFMt::-r 

mMi:m^ti>t. ^ff^mi2i' xh*). Rati 

6 5 nmfj)-53t. 

[0103] zm^tmmmm±iz. h -yrca - 

S i , $ HvWCa-S i Ge. /If hAtCa-S i Ge<7) 
vittJiS-SfOP i ncohyr;l'-fe;l'S:f^t5t. ITO 

W±S5mS:mtTM{Ebicl®3feAM 1 . 5<DrX'±m 
mWJ^^tfoTt:. 1 cm2S/i0cOi'U-xm{43 

4 cixh 0 , h u r;L'Sco;^^cOi^ 'j -xma{± 2 8 qt 
*>o3t. ioT, 2|s|?Jfe0JcoSltil<^liSlf:frl6lOffi8i;{i 

6 Of 1)1.. ttz. 3tlR«€5fii42 3. 4mA/cm2 
T'fcO, :^A"-y:J'i7)i^^T'J^fi£t;tRlifJitO2 0. 5mA 

[0 104] [mmi2im}i&mnzii\^x. 2Dmm 
(Dsusmmzitix. vjttto^v^BAsaasssrffl 

|]!]eiO|63&b«a*>-5!t3trt, ZnO:^-''?-y^'^<0S 

«ag{±3 5 o'ct^;e.-r 3 sort uc. 
[0105] #'^>fi^>:e-(bffii3S#sflLht , m^m 1 

LTgitofcPliKAMl. 5<OTT*l®B?i!iaJ^^ff-o 
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tz. ^(OiM^. 1 cm2i/v:0<50i^'J-Xffifiitt3OQ 
Th'O. h 'J 7VH£0;^(7)v"J -X&tjiii 2 8 QX'hh 

y::. 3KIRmiiffil42 3. ImA/cmJT'ft'). 

^fi?i] 1 mm. ^^^ y ^(r)?)-x'm^i-tiRitim<^2 o . 
[010 6] [si«iW3] ll^fil5!llfc:fcv^T1^«f1^s^[« 

^$•1. 2mA/cmHCft;iT, SmA/cm^tU 
3!)*, mCitC J; S gJ:ffl^$0;?.>' N- V ^ Z n OMtOBitK« 

m^izm-hfmmis o ox:i:t5v^T4*>±*«0s 
[0107] ±M.^wcmmmis.L. mm\ m 

«<0ffiJf^ri6)<7)ffi!3:{i7fiT*>ofe. *7t, 3tiR«BciE 
(422. 9mA/cm2T-S)0, ^teMlfcH^. X^'n* 
•y^'<?)^TJ^figtJtKW;iO2 0. 5mA/cm2{CJt 

[0108] CllifeM4]i|i3 5 0mm. jfSO. 15 

mmcr)^m2DVkm^^<r). ^RSMSA3 0^t:Wi 

[0 1 0 93 @3c7)X-'N--y^'JiaicJ:SfiK^*m4. :S 
Ra«<7)ffi3SlJK$r8 0 Omm/s e c , A 1 XJ-^-y? 
m:>]$r3. 2kW. Al;;?.>'N°-y^'^cOAr;<?'XBai5r5 
Osccm. AlX>''^-y;J'^<?DS«agS:7 0'C. 

r7X'7^mi^(on,-n^o. i kw. K^r^xvsiM 

iOKSXfXggftSr 1 0 s c c m. iJIgr^X-^JJiaoS 
«iftK5:6 0'C. ZnO;^>''«-y^'«:>35:3. 2kW. Z 
nO;^>'N'7^'B#£7)Ar;)y;?.SfiMS:5 0s ccm, ZnO 
;^;N*-y^'^OS«aSlr4 0 0'C, h J^S 

ft$:V^filtArt'50sccmt Uc. A I Ojlli(4 
2000A. ZnO<7)^{i20 0 0AtC^L3t. 
[01101 02om«^ai::J: l.figlS^W4. *KS 
:SOMjlijaKlr 500mm/ sec, «*f?S«JS5: 0 . 

2mo 1/1 , %mm.^s5'c. ^vi^mm 

1. 2mA/cm2tL?t. ^ilCiO, . 0 

tx mcO^IS^B*^ ^ S c tt(7)ffiV ^Tt^^tSISl*'' 1 . 1 
timj^^^td-z. 80 0nmti5(tl)^Stt*«46 7% 
TftO. fiJ(SJct«-{45 5%fc, S^TtiTJf^tJW 
T.a;iS^i(tT\ .S»^rmBoT'i>of>:. AFMtCTiS 

[0111] CliOiJ-fbffiSfiJiftSfliLhl:, h -yTtC a - 
Si, SK;U:a-SiGe, #hACa-SiGec^ 
vSli^SrltOp i nOhU7-;H:^l'S-f^SL^C. I TO 



4 fit'*) 0 , h 'J 7VH<o;VC0i/ U -XffiSiJi 2 8 Qf 

6fit'J)S. i^C. 3tlRmmgS«2 3mA/cmJrj> 
0. ;^'''«7^'<o;?ifJgBgU!^:RltB«02 0. 5mA/c 

[0112] imM5'^m.mA\,zio\.^x, 20^® 
b . r~-iv) ffimam^^fz, m.m.^z. m.mA 

i:|SI«(;tt03mM-.y:J'gaSrfflv^T. i^JSr/WS 

ffilSS2:-tix-fii)g^L3t. Xf-^-j^Wtizi.hmSM 
\lbA.mmX'h 0 . S^-CiiH*-'?!*!!. X 0 =5:ffiT'$>-o 
/c. ::W±tC, l|«fmffi5^'Jg2:2mA/cm2i:LTM 
fffcl. 8)t/mk-f«.J':i^l-{4SIM0!l4tPI«tL-C02 

[0113] nhiXfz^m<^Q 0 0 nmtCiJttl.^S: 
lt${46 4%. IJ[aRW*l44 7%, ffi^AO^i^Jil 

tc, lligfif||4i:PIthUr;H:;l'S:«figL, IFiiSriTo 
. WMm<7mWj^(^ 1 c m2 i;^ 0 OfitftW 1 . 3 
fi, 5tJR««S(i:2 2. 7mA/cm2t'*'5. BAS 

[0114] i%mmei iisr^xviuaoA-v- 

0. 1 kW^m'0*>A>0. 5 kWiiT-gSiTK-fk 
TRWJlSrmU, Rtffflco^RM*. Zil/lli£^J4i: 

-eoten^-Eii st^jj^-r. HI 5 J:") - ^f^r^x 

0. IkW^O. 2 kW(7)>'N'V--C'^»lwJ^fi£$*ll) 

[0115] -:fe-t\ ^JST;i'S-'>Aic?)^, ctt 

If irti;'^$ t . mmizn-^x±^nm<^mLmm,^ 

[01 16] (i355mm. if$0. 125mmC02D 

^mi^h^i. :RKSUS4 3 0S^$:fflVK 02 kH 

siz^^tii^mim^x. mi\:M^mmmm^i 
[01171 m3<^x^'^'j^msizximfkmi. ^ 

RS«(7)ffi3*3IS5:8 0 0mm/sc, AlX-'-Cy^'^ 
:J]Sr3. 2kW, A 1 X>'\'-y:J'^cOAr:^;^gS45r5 0 
seem. A lXM'.y^^<OS«iaKlr7 0'C. ZnO 
X>'N'-y:J'm:ft$-2. 6kW, Z n OXA'-y :?B#cOS«a 
JK5-2 5 0*C, ;<fXir'-h^clS:V>-riXtArt'5 0s 
ccmkL/v:. A 1 co)i/i{41 0 0 0 A, ZnOO^ 
(41 200At^^t:t. 3|=IIJfeWc:fcV^Tt4, 
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5Xv • ^ry-'^-iimm^corzi^fzmzmitz, 
[0118] m2<Dwmsizxhmmit. ^rs 
mmmm^i ooomm/sQc. mewsjuss- 

0 . 0 8m o 1 / 1 . m^jSiaSIrS 5*C, Itfr^SSffi 
S$-l. 8mA/cm2fcL^, ZtllzX*). 
0 . 9 mm(^#MfB*»f)^l. c ^(OlSV^TtK'fbSliiil*^' 
0. SmmJBfigSnyS. 80 0nmtCl3ltl.^Rlt$J4 
6 0 "9 . SclSLRM^a 2 0 %T'J> 0 . i^TJi^ 

Mi,zxmn t . ^<mmm<r)^mii 1 5 • 
[0119] c:<7)KM;is-*^^?fiiOTSi!iic3affl l 

ttSS-fifOp i n^iJi«Oi^y^';Mr;l'trfmt^. I T 

0(^±gpmffi5-JgfiKLTm*l§3KAMl. 5<?)TT'± 

8. 2Qr*'3, xy^^/Pp i nfl|5tlco;*«J5^y-::t 

ii:^|fi]<Offitit{S 0 . 3 fit*) I. . ^ . 5tlR««S{i, 
15. 3mA/cm2t'<fe0s ;^>'N*-y:5'<!0;^i.-C'jeBgU>: 
Rff^iOl 5. OmA/cm^tCjt-^, :^#'S:tt#^S^ 
Uc, 

[0120] 

mnmmt. ^^mf^mmt LXff)Rmmiz 
m.. mt'^^mzmxtsK). m^bix^mco 
^\.^^imm^m^LXK-^mizm'&-tiztt^ 
x-ti. 

[0 1 2 1 ] ^f^. mit7)u^~^M.mmmm^t 

[0122] c«icOffiV^fci?^kSIS;i^ffl£7)gH^a^£7)fi 

[0123] cttiOiiV^^i?-fkSiSe«ffiffi$RaSr8 

0 n mtlTt t ■?> ; i: J: "9 . ^mm<^m tS^m 

[0124] 80 0nmCte(t5^Rlt*^6 0%J.:iLJ: 
tf^dttiO, 800nmBlrf^<^3tS:ii^*^<^ 

[0 125] 80 0nmCcfeftl.SijgLRIt*5r2 0%a 
±i:tl.di:tcJ:0. 80 0 nm|rrf^(03feS-^$^<H 

[0126] ^mrJUi-^JxCOmiS-i: I 000 

5 0 0 A t -ri. ; 0 . 3t^^Kit*s-«i«-ri. 



[0127] cWlcElSlL^cK-fkffiiSiiWKffSr 1 5 0 
OA->-2 5 0 0Aki-i.di:fciO> -e^OitiSttSc 

[0128] m^b LX 2 Dmmi^tl S U Sffi^R 
X&mm^b^if^J:<. ^&^j:m^i:noZb1fiT 

[0129] Lxmm:ffi^comms.tii^ 1 c m 
2af>:'9 2OQJilTi:-r2.c:tt=J:0. ^m-^m'F^z 

I., 

[0130] :^m(^mi\^mmmmi,zx h b . 

bmt. m^btxmco^^^^mmf-i^i&L 
x^izm^i zb*<x'^^. 
[0131] mjmiz im'mm<7)mi 5000 
Aw±b t^zbizx^. mtitfrnmrnm t 

[0 132]«SfStJ:|>K-fbSISJiS:0. 15mol 

bizx<o. m^mzmj-cwai^mmiizmmiz 

mm-lZbi}<X'^^, 

[ 0 1 3 3 ] Sfiiii: lX^R\:i-Jl^mzmi}'tifz S U S 

J: i,tsi^mizK^^mz^mzm&ti zbis^v 

[0134] xjiy ^ V y^mx-m^ii^sss^m^m^ti 
m<om.^mmmti zbizx'o.m t j2^s ft^ 

b-ti:i^^yhimM,iz^i!h:^zbti<x'^. j.c^s® 
-ft Lfz:mmM^m^-th r^Mzsm^^mm^mmt 

[0135] ^mryx-?t:m\^xmit^'nozbi,zx 
^tTfi-i-^mm^m^-t^zbi/ziy)^ n^tiiR 

[0136] c«^^«^^yiK^tffii8JB$•««■r5teaS 

O^i§f4S*^0. 4-1. 2umb-tiZbl,Zj:*). 
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